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The experiments outlined in this paper were designed to throw some 
light on the natural mode of spread of Bact. lepisepticum infection and 
to  determine  a  method  for its  control.  The technique employed  is 
based upon  the results of a  number  of previous observations of the 
spontaneous disease as it occurs in rabbits (1,a, 2)  and upon measure- 
ments  of certain  properties  of host  and  microbe  under  limited but 
rigidly controUed circumstances  (l,b).  It was hoped, therefore, that 
by  eliminating  certain variables and  submitting  certain  conceptions 
to  a  critical test  under  natural  conditions,  it  would  be possible  to 
ascertain  accurately  the  .factors  underlying  the  various  phenomena 
observed. 
The  test  may  be  divided  conveniently into  two  parts;  first,  an 
effort to keep a  certain  population of rabbits entirely free from Bact. 
lepisepticum  infection; second,  a  study  of  the  behavior  of  another 
population of rabbits exposed to the disease in a  random  and  natural 
manner.  To  carry out the first part  of the  experiment,  a  specially 
selected group  of animals  was  chosen  and  placed in  a  well  isolated 
room, under the care of an experienced attendant; for the second test, 
the  animals  were  also  chosen  with  care  and  placed in  an  isolated 
room,  but were exposed to  the risk of infection  by a  general  rabbit 
caretaker.  The details of each test and the results obtained follow. 
Spread of Spontaneous  Bact.  lepisepticum  Infection among a Specially 
Controlled Group of Rabbits. 
Materials.--52 rabbits,  3 months  old, weighing 800 to  1000 gin. each,  were 
chosen for  this  experiment.  Thirty-six  came from  a  nearby  farm  which was 
reported free from cases of clinical snuffles; sixteen were taken from the Rockefeller 
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Institute breeding room  described below.  Animals in this breeding room had 
been entirely free from Bact. lepisepticum carriers for 1 year.  Hence it was inferred 
that the young animals employed in this experiment had never been exposed to 
Bad.  lepisepticum.  The nasal passages of  the  52  animals were cultured three 
times to discover the presence of Bact. lepisepticum carriers.  None was found. 
The rabbits were placed in separate cages measuring about 12 X 12 X 22 inches 
in dimensions, and distributed uniformly in four stacks of five cages,  and one 
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room source; -S  =  depilation, October,  1925. 
stack of six, on two sides of a room about 10 feet wide and 20 feet long.  A window 
was located at one end of the room, a door at the other (Text-fig. 1).  The tempera- 
ture was maintained  as nearly as possible at 68  °  , except during one definite interval 
described below.  Two distinct diets were employed--a "complete"  ration, con- 
sisting of oats, first quality hay, and fresh cabbage or carrot, plus 2 or 3 cc. of cod 
liver oil daily, and an "incomplete" diet of the oats and hay, plus water without 
any fresh vegetable or cod liver oil.  The arfimals  were cared for by attendants 
who were also in charge of several hundred other rabbits nearby, many of which 
suffered  from snuffles and carried Bad. lepisepticurn. II 
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Method.7-The group of 52 animals was then submitted to the chances of random 
infection through  the vehicle of the caretakers, the bedding, food, insects, etc. 
Throughout a period of 2 years as many factors as possib~le were controlled and 
analyzed.  In order to do this with so small a group, every precaution was taken 
to keep the experimental variables balanced.  Thus, the animals from the breed- 
ing room were scattered uniformly among those from the farm.  The diet groups 
were likewise evenly distributed so as to include  both series of animals and both 
sides of the room (Text-fig. 1).  The population consisted therefore of a group of 
animals among which was operating a definite number of controlled and balanced 
variables. 
The animals were kept under strict observation.  Notes were made of their 
general health, the presence or absence of snuffles, and other pathological processes. 
Nasal cultures were taken at frequent intervals (1, c) to determine Bact. lepisepti- 
cure carriers.  All animals dying during this period were autopsied carefully. 
After the experiment had been in progress for about 10 months, it was decided to 
modify atmospheric conditions  in the room by arbitrarily altering the temperature 
and humidity.  This was done by turning on the steam heat to full strength in 
the morning, shutting the doors and windows, and turning on the hot water.  The 
room became filled rapidly with water vapor and reached a temperature of about 
90  °  .  At night the heat and hot water were shut off and the window opened wide. 
This caused the temperature of the room to drop to that prevailing out of doors. 
These extreme measures were employed from October 22, 1925, until February 4, 
1926.  At the same time the backs of the animals on the top, middle, andbottom 
rows on each side of the room were depilated from neck to buttocks by means of 
sodium sulfide (Text-fig.  1). 
On December 1 the surviving animals were given intranasally a 16 hour blood 
broth culture of the virulent Rivers D strain of B~Ct. lepisepticu~ (1, d).  And on 
December 18 to 23  the entire group was killed and autopsied.  Cultures  were 
taken from nasal passages, ears, and lungs. 
Results.--The results of these observations are shown in Tables I and 
III and Text-fig. 2.  They will be considered in detail with reference to 
(a)  the  total population,  (b)  the  groups  on  either  side  of  the  room, 
(c)  the groups from the farm and breeding room,  (d)  the diet groups, 
(e) seasonal factors, including  temperature changes and exposure, and 
(f) individual  differences in response on the part of the animals. 
(a)  Total Population.,-The  outstanding events referable to the total 
population  are  taken  from Table  I  and  Text-fig.  2,  and  charted  in 
Text-fig.  3.  Bact.  lepisepticum  carriers  appeared  in  January,  1925, 
increased at a more or less uniform rate from 10 per cent to 22 per cent 
iu October.  B. bronchisepticus  carriers rose from 4 per cent in March 
to  31  per cent  in  May,  and  fell to a  level of about 25  per cent  from 914 
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June  to  October.  One  death  occurred  in  August.  This  animal 
showed bilateral qtitis media. 
During this period and throughout the 2 years of observation, a 
spot map was kept, showing the location and spread of Bact. lepisepti- 
cum and B. bronchisepticus  carriers.  The early months showed ran- 
dom and scattered loci of Bact. lepisepticum infection with a tendency 
toward  local  spread.  One  such  focus  is  charted  in  Text-fig.  4. 
The diagram includes the "incomplete" diet series on the left side of 
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TExT-FIG. 5.  Daily temperature fluctuations in experimental rabbit room. 
the room,  and  six  adjacent  animals of  the  "complete" diet  series 
(see  Text-fig.  1).  The  date  of  appearance  of  Bact.  lepisepticum 
among these animals, recorded in Text-fig.  2, is  shown here chron- 
ologicaUy by means of arrows. 
Apparently the infection started with Rabbit E 69 F-S, and extended 
to the two adjacent cages, C 29 F-S and C 69 F.  From this latter it 
progressed to E 56 B-S and from there to the three contiguous animals, 
C 75 F-S, C 68 F, and C  21 F.  Finally, it appeared in E  77 F.  Evi- 
dently, therefore, direct extension of the infection did occur.  This 
possibility appeared the more probable when it was learned that the LESLIE  T.  WEBSTER  AND  CASPER  BURN  917 
attendant  always fed the animals  in  vertical  rows,  from ceiling  to 
floor.  It must be remembered, however, that new loci were appearing 
throughout the population,  and that  the attendant was continually 
passing from the animals in this room to other badly infected stock 
nearby.  Hence, two sources of infection were continually in opera- 
tion; one, a local spread from established foci in the population, and 
second, an importation of organisms from without by the attendant. 
On  October 22,  1925,  the artificial  temperature  fluctuations  de- 
scribed above were begun.  These procedures continued untiJ Febru- 
ary 4,  1926.  Daily temperature fluctuations are indicated in Text- 
fig.  5,  in which the 8.30  o'clock morning readings and 5.00  o'clock 
afternoon readings are recorded.  Twice during every 24 hours, there- 
fore, a  fluctuation of approximately 35 ° occurred.  Furthermore, on 
November 6, the hair was removed from the backs of one-half of the 
entire population (see Text-fig. 1). 
These procedures were followed by a  striking increase in the per- 
centage of Bact.  lepisepticum  carriers,  the appearance of acute and 
chronic snuffles, and the death of six animals within 7 months.  Bact. 
lepisepticum carriers rose to 56 per cent in March, 60 per cent in April, 
and 62 per cent in May; snuffles appeared and became chronic among 
about  10 per cent of the population; two animals died in December, 
two in January, and one in March and May, respectively.  Four of 
the fatalities were due to Bact. lepisepticum septicemia  or pneumonia. 
No definite increase of B.  bronchisepticus  carriers  was  noted  during 
this time.  This marked increase in  the spread of Bact.  lepisepticum 
infection, accompanied by clinical snuffles and  a  definite  mortality, 
was associated so conspicuously with cold weather and the experimen- 
tal temperature fluctuations that a causal relation was inferred. 
From May to September there was a sharp decline in the percentage 
of Bact. lepisepticum carriers, a decline in the number of cases of clini- 
cal snuffles, and in mortality.  However, the number of B.  bronchi- 
septicus  carriers increased. 
(b)  Left  and  Right  Sides  of the  Room.--When  the  prevalence of 
Bact.  lepisepticum infection on the right and left sides of the room is 
compared (Table I), the same general phenomena are noted.  For the 
first 6  months  carriers seemed more abundant  on  the left side,  but 
during the winter of 1926 the rise was uniform.  During the summer 918  BACTERIUM LEPISEPTICUM INFECTION 
of 1926,  however, the carrier rate fell on the left side more rapidly 
than on the right.  Chronic snuffles was more prevalent on the right 
side, and deaths were about equally distributed. 
(c) Breeding Room and Farm Groups.--The animals from the breed- 
ing room appeared to be somewhat more susceptible than those from 
the farm (Table II).  A summary was made at the end of the experi- 
ment of the number of deaths, the number of cases of chronic snuffles, 
of chronic and occasional carriers of Bact. lepisepticum, and of animals 
free of the infection.  25 per cent of the breeding room animals died, 
as compared with 14 per cent of the farm animals; 31 per cent of the 
former showed chronic snuffles, 14 per cent of the latter.  About the 
same relative numbers of each group were chronic carriers, but none 
TABLE  II. 
Comparison of Breeding Room and Farm Rabbits and Depilated and Non-Depilated 
Rabbits. 
Group 
Ireeding room(16). 
~rm(36). 
~on-depflated(22). 
)epflated~28) 
Died  Chronic 
snuffles 
No.  Per  No.  Per 
cent  cent 
4  25  5  31 
5  14  5  14 
3  13.5  3  13.5 
5  18  7  25 
Chronic 
carriers 
No.  Per 
cent 
5  31 
9  25 
6  27 
7  25 
Intermittent 
csrriers 
No.  Per 
cent 
2  12 
12  33 
10  45.5 
4  14 
Free of Baet. 
lepisepticum 
No.  Per 
cent 
0 
5  14 
0  0 
5  18 
of the breeding room animals was free of infection during the entire 
period;  while  14  per  cent  from  the  farm  never  showed  Bact. 
lepisepticum. 
(d) Diet.--A comparison of the two diet groups is shown in Table I 
and Text-figs. 6 and 7.  Text-fig. 6 shows, with one exception, that 
throughout the entire period of observation the percentage of Bact. 
lepisepticum carriers among the "incomplete" diet series was higher 
than  that of the group receiving the "complete" ration.  However, 
there was no striking difference in the percentage of chronic snuffles 
cases, nor in the mortality rates.  Therefore, it is difficult to interpret 
the effect of omitting fresh vegetables from the rabbits'  diet  for a 
period of 2 years, further than to state that no deleterious effect on 
general  health  could  be  observed.  However,  the  fact  that  these LESLIE  T.  WEBSTER  AND  CASPER  BURN  919 
animals were more prone to  carry Bact.  lepisepticum  in  their nasal 
passages is of interest from an epidemiological point of view.  Differ- 
ences in host susceptibility, too slight to be recognized clinically, may 
apparently be determined by the more delicate bacteriological test. 
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And this modification of diet, by rendering the individual susceptible 
to mild infection, whereby he becomes a  chronic cartier, may indeed 
be one influence which, by decreasing host resistance, raises dosage of 
bacteria available to the population to a dangerously high level. 
Text-fig.  7  compares the percentages of bronchisepticus  carriers in 920  BACTERIUM  LEPISEPTICUM  INFECTION 
the "complete" and "incomplete" diet series.  No significant differ- 
ences are apparent. 
(e)  Season.~From  the  figures  available  in  this experiment, it is 
difficult to determine any effect of seasonal factors.  During the sum- 
mer  of 1925  the  percentage of  Bact. lepisepticum  carriers  remained 
moderately low, during the winter of  1926, it rose to a  great  height, 
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and during the following summer declined.  However, the complicat- 
ing  factors  of  artificial  temperature  changes  and  depilation  make 
analysis  of  environmental influences impracticable. 
~) Depilation.--The  same may be said of the artificial measures of 
depilation.  This was  carried  out at  about  the same  time that  the 
temperature fluctuations were carried out and was followed by a sharp 
rise  in  carrier  rate  and  appearance  of  chronic  snufltes  and  definite LESLIE T. WEBSTER  AND  CASPER  BURN  921 
mortality  from  Bact.  lepisepticum  septicemia  and  pneumonia) 
Probably  the  three  factors,  namely,  exposure,  temperature  fluctua- 
tion,  and  seasonal influences were together responsible for the great 
increase in the prevalence and severity of the disease. 
(g) Behavior of Individual Rabbits.--Throughout  the 2 year period 
of  observation  certain  animals  appeared  to  be more  resistant  than 
others  to  Bact.  lepisepticum  infection.  Hence,  at  the  end  of  the 
experiment  a  final test was employed to emphasize these differences. 
For this purpose the Rivers D  strain of Bact. lepisepticum was instilled 
into the nares of each rabbit.  The reaction was slight;  two or three 
acute cases of clinical snuffles developed, but in general  the organisms 
tended to disappear rapidly from the nasal passages (1, e).  Evidently 
continual exposure to infection over a period of 2 years had exerted a 
selective  action  in  weeding  out  the  less  resistant  individuals,  thus 
leaving  a  group  relatively  resistant  and  showing  little  difference in 
response to this organism. 
At the end of the experiment the 52 animals were grouped arbitra- 
rily, according to their behavior during the  2 year period (Table III). 
Those animals that died composed the first group; those that reacted 
locally with chronic Bact. lepisepticum snuffles, the second; those that 
became chronic carriers  of  Bact. lepisepticum,  the third;  intermittent 
carriers, fourth;  and finally, those that failed at any time to show Bact. 
lepisepticumintheirnasalpassages, fifth.  Nine animals were placed in 
the first group.  Four of these died from Bact. lepisepticum infection 
and  showed in  their  lungs  and hearts' blood the specific organisms. 
Ten showed symptoms of chronic snuffles and revealed at autopsy an 
extensive erosion of the nasal  turbinates,  with accumulations  of pus 
in the sinuses.  Nine of them showed pus in one or both middle ears. 
The mucoid form of Bact. lepisepticum was cultured from these lesions. 
Besides, from the nasal passages of six, ten to twenty colonies of the 
experimentally  introduced  Rivers  D  strain  were  found.  Fourteen 
animals  were  chronic  carriers.  At  autopsy  two  showed pus  in  the 
nasal  passages  and  seven  unilateral  or  bilateral  otitis  media.  The 
mucoid  form  of Bact.  lepisepticum was  cultured  from  all  of the  ear 
1  Four of the six animals dying between December, 1925, and May, 1926, were 
depilated; on the other hand, a comparison of the reactions of the two groups as a 
whole (Table II) shows  no notable differences. 922  BACTERIUM  LEPISEPTICUM  INFECTION 
TABLE 
Summary  of  Fate  of  52 
No. 
54B 
83 F-S 
16 B-S 
)  85 F-S 
36 B 
56 B-S 
69 F 
90 F 
37 F-S 
55 B-S 
43 B-S 
38 F-S 
57 B 
93 B-S 
30 F-S 
95F 
85 F-S 
03 B-S 
87 F 
81 F 
50B 
18 F 
68 F 
58 B-S 
41 F-S 
92 B-S 
83 F-S 
00  F-S 
44 B-S 
12 B-S 
Fate 
Died  8/15/25 
"  12/  7/25 
"  12/12/25 
"  1/  8/26 
"  1/13/26 
3/8/26 
5/21/26 
9/16/26 
"  11/25/26 
Killed 12/18/26 
Clinical  condition 
Torticollis 
Diarrhea; 
emaciated 
Pregnant 
Snuffles; 
emaciated 
Snuffles; 
diarrhea 
Good 
Emaciation; 
tbrticollis 
CeUulitis 
Emaciated; 
snuflfles 
Good 
cc  ~c  ~c 
C(  cC  C~ 
c~  cc  ~ 
"  12/20/26  " 
¢C  ~¢  ¢C 
Nasal passages 
Normal 
cg 
Pus 
~c 
No pus 
~c  ~c 
Erosion; pus 
Normal 
Erosion; pus 
Autopsy findings 
Ears 
Pus, bilateral 
Normal 
Pus,  bilateral 
No pus 
Pus  bilateral, 
~c  ~C 
Normal 
Pus, bilateral 
Lungs 
Normal 
Congestion, 
hemorrhage 
Pleuro- 
pneumonia 
Congestion 
Congestion 
consolida- 
tion 
Hemorrhagic 
consolida- 
tion 
Hemorrhagic 
Normal 
~c 
~C 
Pus 
Normal 
d~ 
~c 
¢C 
"  left 
"  bilateral 
"  left 
"  right 
"  bilateral 
~C  ~c 
Normal 
Pus bilateral 
"  right 
"  left 
Normal 
~c Ill. 
Experimental  Rabbits. 
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Bacteriological  findings 
Group 
Heart's  blood  Nasal  passages  Ears  Lungs 
Sterile 
B. coli 
Bact. lep. M 
.B. coli 
Sterile 
Bact. lep. M 
at  gt  *t 
Sterile 
aa 
m 
m 
m 
m 
B 
m 
m 
No Bact. lep. 
*¢  ag  a* 
Bact. lep. M 
B. bronch. Bact. lep. IV[ 
B. coli 
Sterile 
Sterile 
B. coli 
Bact. lep. M 
B. coli 
Bact. lep. M 
Deaths 
tc 
aa 
~a 
a* 
Bact. lep. M 
B. bronck. Bact. lep. M 
No Bact. lep. M 
B. bronch. 
Bact. lep. D  ++  M  Inf. 
......  ++  .... 
......  ++ 
B. bronck. Inf. Bact. lep. M 
Inf. 
tt  t¢ 
Bact. lep.  D  ++  M  Inf. 
......  ++  .... 
......  ++  .... 
aa  *a  M 
aa  ca  ¢a 
c¢  ~c  ca 
Ca  aa  ca 
aa  ~a  ~) 
tc  aa  c~ 
"  "  "  +  M  Inf. 
"  "  "  Inf.bromh.++ 
Bact. lep.  D+ 
t¢  at  aa  .~_ 
"  "  "  G+ 
....  D+++ 
......  ++ 
t¢ 
m 
Bact. lep. M 
a~  ~a  at 
Bact. lep. M 
aa  ga  ~a 
aa  $c  |a 
¢a  ag  aa 
ga  ag  aa 
ga  aa  ag 
ac  aa  aa 
ag  aa  ag 
Bact. lep. M 
¢a  aa  ~a 
c¢  a~  aa 
a¢  c¢  ¢¢ 
ac  ca  a¢ 
¢~  aa  a¢ 
Bact. lep. M 
t~  (,t 
I 
m 
D 
m 
m 
m 
aa 
Chronic snuffles 
aa  t~ 
c~  ag 
~C  c~ 
C~  Ct 
Chronic carriers 
~a  aa 
a~  aa 
ta  a¢ 
aa  ct 
a~  aa 
a~  c~ 
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TABLE  III 
No. 
C  99F 
C  49F 
C  79F 
E  65B 
C  44 F-S 
C21F 
C91F 
D  62 F-S 
E  69F-S 
E77F 
C  46F 
C  75 F-S 
D44F 
E45F 
E  75B 
E35F 
E28F 
C  67 F-S 
C  92 F-S 
C  29 F-S 
E  97 F-S 
E  25 F-S 
Fate 
Killed 12/21/26  Good 
"  12/22/26  " 
Reserved  " 
Killed 12/23/26  " 
Reserved  " 
Clinical condition 
Normal 
~c 
~c 
Pus 
ct 
lg 
Normal 
lc 
Normal 
lc 
Autopsy findings 
Nasal  passages  Ears 
Normal 
~# 
Pus, left 
Normal 
Pus, bilateral 
"  left 
Normal 
cg 
Pus, bilateral 
Normal 
Lungs 
Normal 
~¢ 
l¢ 
~t 
c~ 
Normal 
~c 
Bact.  lep.  D  =  Rivers D  type, instilled artificially 12/1/26. 
Bact.  lep.  M  =  Mucoid type,  spontaneous infection. 
l~act,  lep.  G  =  Variant type, from Rivers D. 
Inf.  =  Many colonies. ---Concluded. 
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BacteriologicM findings 
Group 
Heart's  blood  Nasal  passages  Ears  Lungs 
B 
N 
m 
m 
m 
m 
m 
m 
m 
Baa. lep. D+++ 
......  ++  G++ 
"  "  D+ 
"  "  M  Inf. 
"  "  D  Inf. 
B. bronch. 
D  +  B. bronch. Inf. 
"++ 
B. bronch. 
B. br  onc  h.Inf.B act. le  p. D+ 
Bact. lep. D+ 
B. bronc  h.Inf.B act. le  p. D+ 
Bact./ep.  D  Inf. 
B. bronch. Inf. 
Bact. lep. D++ 
"  "  Inf. 
B. bronch.Inf.Bact.lep.  D + 
m 
Bact. lep. M 
Bact. lep. M 
D  Inf. 
B~t. lep. M 
m 
B 
Chronic carriers 
m 
Ba~t. lep. M 
m 
B 
m 
--  Free 
C¢ 
Intermittent 
riers 
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lesions and from the nasal passages of four.  The Rivers D  strain of 
Bact.  lepisepticum  was  cultured from  the nasal passages of eleven. 
Fourteen of the  animals were  classed  as  intermittent carriers.  At 
autopsy pus was found in the nasal passages of three and in the middle 
ears of five.  The mucoid form of Bact.  lepisepticum  was recovered 
from the ears of three; the D  form from one.  From the nasal pas- 
sages of one mucoid colonies of Bact. lepisepticum were obtained; from 
nine, D  forms.  Five animals showed no Bact.  lepisepticum  in their 
nasal passages at any time during the experiment.  At autopsy the 
nasal passages of all appeared normal.  Pus was found in the middle 
ear of one.  From here the mucoid form of Bact.  lepisepticum  was 
cultured.  All four showed a few colonies of the Rivers D form. 
When the animals are placed in these arbitrary groups, their differ- 
ences  in  behavior  appear  the more  striking.  That  some  animals 
remained  clinically healthy and  free  of  infecting organisms  during 
summer and winter, and at the time when temperature fluctuations 
and exposure were extreme,  cannot be explained by chance.  They 
were scattered amongst their companions, many of which were car- 
riers, some snuffles cases, and still others ill with pneumonia.  It seems 
more reasonable to regard the differences in behavior of these animals 
as due to innate and non-specific differences in their resistance. 
Virulence.--At various times during the experiment, virulence titra- 
tions were made on strains of Bact.  lepisepticum  recovered from the 
nasal  passages  of  various  individual  rabbits  in  the  room.  The 
technique of these tests has been discussed elsewhere, and the results 
of a number of them recorded in detail.  The critical titrations were 
mad  e by instilling equal doses of the various cultures into the nasal 
passages of young rabbits of similar age and weight, obtained from 
the  breeding  room.  Subsequently,  with  these  results  as  a  basis, 
the mouse titration method was employed.  This technique, although 
far  more  artificial,  and  of  ]ittle  or  no  value  unless  controlled  by 
"natural" virulence titration, enabled us to examine a greater number 
of cultures and at more frequent intervals. 
Many  of  these  tests  have  been  described  previously3  In  one 
instance  a the results  of intranasal titrations in rabbits of Cultures 544 
Webster, L. T., and Burn, C. G., J. Exp. Med., 1926, xliv, 362, 366-376. 
Webster, L. T., and Burn, C. G., J. Exp. Med., 1926, xliv, 362. LESLIE  T.  WEBSTER  AND  CASPER  BURN  927 
from Rabbit E  44 and 329 from Rabbit  C 29 are summarized.  In 
Tables IV, V, and VI the results of the intraperitoneal mouse titrations 
are shown.  Culture 590 came from Rabbit E  90;  Culture 560 was 
obtained on three different occasions  from Rabbit E  60.  Thus the 
strains  in  these tables  may be  identified:  those in  the 500's  came 
trom E rabbits; in the 400's from D rabbits; in the 300's  from C rab- 
bits, etc.  These titrations emphasize two facts; first, that the form 
of Bact.  lepisepticum  brought into  the room by the attendant and 
becoming endemic in the population was of the mucoid variety, simi- 
lar to that found at the rabbit farm in New City, at Saranac, New 
York, and in other rabbits at the Rockefeller Institute; and secondly, 
that the virulence of all of these cultures proved equal and of moderate 
degree. 
General Canside~ations.--The analysis of the part played by certain 
factors in the spread of Bad. lepisepticum throughout this population 
is rendered easier by reason of the control of disturbing  influences. 
All  the  animals were  exposed  equally to  the  chance  of  infection 
so that theoretically those in the "complete" diet group should have 
been slightly more resistant than  those receiving the "incomplete" 
ration.  We assume that none of the rabbits  had  been previously 
exposed to the infection, and that none of the infecting organisms was 
in the room at the beginning of the experiment.  We know that the 
infecting potentialities or virulence of  the  various  strains  of  Bact. 
lepisepticum  remained uniform  throughout  the  entire  period,  and 
that  the  source  of  infection--attendants carrying organisms  from 
infected rabbits  in  the neighboring room--remained constant. 
At the outset, loci of infection  were established in the nasal passages 
or middle ears of the rabbits naturally more susceptible, or rendered 
so by dietary deficiencies.  During the succeeding 6 months available 
dosage was maintained at a level by chance contact with the attend- 
ant and by spread from local foci.  Throughout the winter  of 1925-26, 
procedures  similar  but  more drastic  than  natural  conditions were 
carried  out  to  decrease  further the resistance  of  the  population. 
Dosage (carrier rate) increased rapidly, the  weaker individuals suc- 
cumbed to Bact. lepisepticum pneumonia and septicemia, and others 
developed local otitis media and  snuffles.  Still  others,  exposed  to 
infection, remained refractory.  As summer came on and the  tern- 928  BACTEKII/M LEPISEPTICUM INFECTION 
perature  fluctuations  were  less  severe,  the  population,  reduced in 
numbers by the selective weeding our process, became more resistant, 
dosage fell,  and cases of snuffles and numbers of deaths became less 
frequent. 
In this experiment, therefore, factors influencing host susceptibility 
influenced the dosage of available bacteria and thereby determined 
the amount and severity of infection ensuing. 
Control of Bact.  lepisepticum Infection.  Description  of a Successfully 
Operated Rabbit Breeding Room. 
As stated in the introduction, the purpose of this experiment was 
to test the conclusions derived from our studies of rabbit snuffles and 
pneumonia by attempting to keep a population of rabbits free of Bact. 
lepisepticum  infection.  The  various  procedures in  this  experiment 
were governed by two principles:  first, 'the maintenance of host resist- 
ance at a maximum, and second, the decreasing of available dosage of 
Bart. lepisepticum  to a  minimum. 
A  special room was chosen in the midst of the space used for our 
normal rabbit stock.  The room measures about 15 ×  30 feet and has 
accommodations for  thirty breeding females,  ten males,  and  about 
fifty weaned young stock.  Before bringing any animals into the room, 
the walls and floors were scraped carefully and washed with lysol, and 
the breeding cages were sterilized.  The rabbits  employed were se- 
lected from the normal  stock  obtained  from  various  dealers  with- 
in  a  radius  of  200  miles of New  York  City.  Such animals,  upon 
their arrival at  the Institute,  were placed in isolation rooms, where 
they were observed for a period of 2 to 4 weeks.  During this period 
any animals showing clinical evidence of snuffles were discarded. 
During the spring and summer of 1923  several hundred of these 
animals were cultured from the nasal passages to detect the presence 
of Bact.  lepisepticum.  In view of the usual high percentage of car- 
riers  (1,/),  a  great many animals were examined before a  suitable 
stock of breeders was obtained.  No  animal was  admitted  to  the 
breeding room until three successive nasal cultures failed to demon- 
strate  the presence of a  single colony of Bact. lepisepticum.  When 
an animal was finally admitted, its fur was sponged carefully with 5 
per cent lysol.  Thus by September a  stock of about thirty females 
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The  animals  were cared for by an  experienced attendant  who has 
maintained  a  strict  r~gime  of  cleanliness.  In  general,  the  door  to 
the room is kept locked.  Before entering  the room, the attendant  is 
careful to  change his coat and wash his hands.  The food is always 
taken  from a  fresh supply, and  the animals  are given a  considerable 
amount of personal attention.  The temperature in the room is regu- 
lated carefully at about 68  °.  The cages are cleaned every 2nd day. 
The  results  of this  experiment  are  striking,  for by continuing the 
above careful methods of supervision we have maintained  a breeding 
room entirely free of Bact. lepisepticum infection.  * 
At monthly intervals  from  September,  1923,  to March,  1924,  the 
entire  breeding  room  was  examined  bacteriologically.  Again,  on 
September 24, 29, October 6, and December 17, each animal was cul- 
tured  from  the  nasal  passages.  On  March  18,  1925,  twenty-two 
showed organisms of the B. toll group on hemolyzed blood agar plates 
streaked  from  cultures  of the nasal  passages.  These organisms  we 
have always considered as intestinal  contaminants,  occurring only at 
the  external  nares.  Twelve showed B.  bronchisepticus.  These  ani- 
mals  continued  to  be consistent  carriers  of  this  organism  from  the 
time they were selected for the breeding room until they died, or were 
discarded.  None showed colonies of Bact.  lepisepticum.  On several 
occasions during  1926 young stock taken  from this room have  been 
cultured.  On  no  occasion  has  Bact.  lepisepticum  been  recovered. 
There have been no cases of pneumonia in the room, no clinical snuffles, 
no abscesses, and no otitis media. 
The breeding record is summarized  in Table IV.  In it are  tabu- 
lated:  (1) the  number of young weaned 2 months after birth;  (2) the 
month of these weanings;  (3) the number and date of sterile matings; 
(4)  the date and number of times the young were destroyed; and  (5) 
the fate of the various breeders.  The males are not included in this 
4 A few of the  animals are  affected with  ear canker.  This  is treated in its 
early stages by local applications of tincture of iodine and lanolin.  Likewise  there 
is a certain amount of pinworm infection present, which can only be demonstrated 
at autopsy. 
In 1924  some of the animals showed at autopsy the pathological changes charac- 
teristic of rabbit encephalitis.  Clinically, the animals appeared perfectly healthy. 
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TABLE 
o~ 
Rabbit  ~.  ~  ~o  ~  ~  ~  ~  ~~  ~~  ~  ~  ~  ~  ~  ~ 
1  3  4  $  "7 
2  6  2  M.  '4 
3  6  4 
4  4  3  D. 
5  x  2  4  4  6  "  MI 
-I  - 
6  2 
M.  D. 
7  4  3  5 
8  2  ,5  M. 
9  3  D. 
.3  D.  I 
x  M.  D. 
10  4  3 
11  5  x 
-I 
12  3  x  .! 
t3 
16 
17  i 
__1 ! 
t9  1  I 
'!  4  M. 
5  Dis. 
4 
2 
x  x 
2-  M. 
3  D.' 
5  x 
3 
5  ! 
D  --.  ....  6 
2O 
i- 
2t  I 
22  I  I 
i 
23  I 
24  I 
i  6 
i  3 
x 
x 
2:x 
l 
25  I  x 
26 
27  t- 
28  i  x  "-i 
29  I 
3o  I  I  i 
32  ]  [  I 
1 
M. 
2 
1 
M, 
2  Dis. 
4 
x 
4 
D., signi~es died; x, destroyed; Dis., discarded; M.,  sterile mating. LESLIE  T.  WEBSTER  AND  CASPER  BURN  931 
IV. 
4  '6  D.- 
2  M.  Dis. 
5 
6  1  I 
4  Dis, 
5 
I 
3  Dis. 
29 
14 
19 
32 
15 
m 
.22.-- 
2 
2  Dis. 
1  1  Dis. 
3 
1  Dis. 
2 
3  M. 
3  Di  ~ 
g 
x  Dis. 
3  M 
M.  4 
4 
8 
2  Dis. 
M. 
3  M. 
--  'M° 
°is-   i 
4 
'-3-'  D." 
2  M. 
5 
l 
5  .... l"" 
6  Dis. 
3 
5  Dis. 
M.  M.  Dis. I 
i 
3  '1- 
! 
5  Dis. 
I 
4  3  i 
7  x  M.  Dis. 
3 
12 
II 
I  I 
15 
10 
21 
6 
II 
23 
3 
19 
29 
2 
7  NI.  M.  iI-M"  M.  24 
I  3 
2  4  16 
1  M.  3  22 
10 
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TABLE  IV-- 
Rabbit 
No. 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
Total .... 
[ 
__m 
__m 
--ira 
__lm 
__[-- 
__m 
~m 
10  0 
~  z 
I 
13  22 
5 
D. 
--~--  M. 
h__ 
--i 
--I 
4  18  [  15 
i 
I 
5 
5 
x 
1 
7 
48  14  17 > 
Continued. 
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3  z 
x 
4  M.  D. 
2  '  l 
5 
1  DI l 
2 
sr 
x 
l  , 
It 
2  5  M. 
5 
x  4  M. 
4 
5  Dis. 
M.  M.  7 
7  It 
4 
~[.' 
l  .  l 
x 
i  l  -  '  I 
7 
4 
3  NL 
"3  "  : 
Ill 
4  5  5  28 
4  3  M.M.  Dis.  12 
4 
6  M.  I  M.  l  D.  19 
7  7  M,  M.M.  25 
1  4  M.  12 
4  2  bL i ,M.  l  15 
4 
2 
,  ,  I 
14 
2  M:  M.  M.,  9 
i 
3  3  M.  M.  ~  13 
5  3  M.  5  I"  17 
'7  M.  : Dh'  l  l  I  l  ? 
1  M.  M.  Dis.  .  $ 
2  D.  6 
'2  2  3  10 
7  "5  M.  M.M.]  12 
4  M.  x  1  x  5 
II  5  '  l  l  M. 
2M. 
2 
1 
•  L 
2 
6  11 
3  2  7 
M.M.  2 
1  6  i  I  9 
2  I  2 
4  4 
2  I  2 
4  I  4 
5  5 
2"  4  6 
4  4 
~  i~  .1o  ~oj3~  ~  41  ,2  18  4,  3~j~2  2;i~o1~  ,5  1~  ~  ~o~ 93~  BACTERIUM LEPISEPTICITM IIWFECTION 
table.  The deaths recorded were due to parturition complications. 
None of these animals was infected with any microorganism.  Ani- 
mals were discarded for several reasons:  first, for sterility or  neglect 
of  young,  and  secondly,  for  not  conforming to  the  desired  type. 
Dutch, Belgian, and albino crosses were specially selected because of 
their  tendency to  produce rapidly  developing, small,  heavy stock. 
During the year  1924,  95  young were weaned, an average of 8 per 
month  and  3  per  rabbit.  In  1926,  26S  were  weaned,  22.2  per 
month, 9 per rabbit, and in 1926, 327 were weaned, 27.2 per month, 11 
per rabbit. 
The results of this experiment indicate that it is possible to main- 
tain a stock of rabbits free from Bact. lepisepticum  infection, although 
surrounded by groups in which the disease is widespread, by proper 
attention to the general condition or "natural" resistance of the ani- 
mals, and by measures which minimize the available dosage of patho- 
genic microorganisms. 
DISCUSSION  AND  SUMMARY. 
In this paper we have attempted to describe the manner of spread of 
an endemic, native, respiratory infection and a method for its control. 
The essential factor determining the prevalence of such an endemic 
disease is,  we  believe,  host  susceptibility,  which  is  controlled  by 
hereditary  and  environmental  influences.  Furthermore,  it  seems 
probable  that  the  amount of  this  population  susceptibility deter- 
mines the dosage of specific microbes available to the population. 
An increase in dosage in the herd is followed by an increase in the 
spread  and  severity  of  the  infection, and a  decrease  by  a  corre- 
sponding  alleviation.  Hence,  two  methods  for  the  prevention  of 
epidemics are available:  (1) an enhancement of population resistance, 
and (2) the reduction to a minimum  of available dosage.  These proce- 
dures have proved successful for 3 years in maintaining a population 
of breeding rabbits, in the midst of a badly infected community, en- 
tirely free from Bact.  lepisepticum infection. 
Confirmation of the above conclusions has been gained from other 
studies in the field of  experimental epidemiology.  Dr. D. T. Smith 
(2), at Saranac, New York, found that changes in population suscepti- 
bility  were  responsible for  a  severe outbreak of Bact.  Iepisepticum 
infection and septicemia.  Freund (3),  at Berlin, has just published LESLIE T. WEBSTER AND  CASPER BURN  935 
an interesting account of respiratory epidemics of rabbits and guinea 
pigs,  apparently brought  about  by  sudden changes in  temperature 
and housing conditions.  Pneumonia  and  Pasteurella infection,  en- 
demic in  the population, increased suddenly in extent and  severity. 
Nevertheless, neither endemic nor epidemic strains of the microorgan- 
isms were found to be especially virulent.  Dr. Theobald Smith (4), in 
a study of paratyphoid epidemics of guinea pigs, has made similar ob- 
servations.  He noted that pregnant females acted as the loci of in- 
fection,  and  that  from  these  individuals,  presumably  of  lessened 
resistance, the bacteria were given off and infection was 'spread. 
The  studies  in  experimental epidemiology are  rapidly  reaching a 
stage where they may be applied to the problems of human disease. 
Indeed, more recent observations of the mode of spread of pneumonia 
(5-7), scarlet fever (8), typhoid (9,  10), plague (11),  diphtheria (12- 
14), measles (15), and  tuberculosis (16-18) increasingly show a tend- 
ency to  discard the theory of fluctuating microbic virulence and to 
emphasize the importance of the host factors. 
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